Increasing evidence suggests an association of anaerobic vaginal flora and bacterial vaginosis with intrauterine infection, intrauterine growth restriction, premature rupture of membranes, and preterm delivery. [1] [2] [3] [4] [5] [6] [7] Protection by peroxidase-producing lactobacilli 2 may play a key role in the prevention of ascending infection, prostaglandin release, and weakening of the membranes. Decreased numbers of lactobacilli and bacterial vaginosis are associated with late miscarriage. 1, 7 Because most of these studies on pregnancy outcomes have concentrated on screening efforts in the second or late first trimester, however, a firm association of bacterial vaginosis with first-trimester miscarriage remains to be confirmed. In this study we assessed the vaginal flora of women during early pregnancy and determined its relationship to subsequent spontaneous early pregnancy loss.
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Material and methods

Subjects and specimen sampling. From March 1989 to
March 1994 a total of 228 unselected women who were seen for routine pregnancy checkup at <14 completed gestational weeks and had a living singleton fetus agreed to undergo a standardized vaginal speculum examination. All were new patients being seen on the same day of the week, and all were <14 weeks' pregnant. The specification of the day of the week allowed examination by Gilbert G.G. Donders, MD, who is experienced in infectious diseases and vaginal fluid microscopy. Vaginal fluid was taken from the posterior vaginal vault with a wooden Ayre spatula and spread onto 2 separate glass slides. For the women seen during the first period of the study (n = 130) glass slides were fixed in pure alcohol and Papanicolaou stained before examination. Analysis of these data, which originally formed part of a different study on prematurity, 8 revealed an unexpected increased risk of abortion among women with bacterial vaginosis during early pregnancy. The data were too few to produce statistical significance, however, and we calculated that for an estimated abortion rate of 10%, a bacterial vaginosis rate of 15%, and a relative risk for abortion in the bacterial vaginosis group of 3, a total of 222 patients (92 more than we already had) would be needed to limit both type I error and type II error to .05. During this second study period, for practical reasons and because the prevalence of clue cells was found to be identical in fresh vaginal fluid, phase-contrast microscopy on fresh wet vaginal mounts was used for clue cell detection (n = 98) by the same investigator (Gilbert G.G. Donders, MD), who was familiar with clue cell detection in both techniques.
A cotton-tipped swab was taken from the posterior vault and immediately placed in Amies modified Stuart medium. After the ectocervix had been cleaned, an endocervical swab was allowed to soak for 20 seconds, rotated 3 times in the endocervical canal, and placed in a second portion of Amies modified Stuart medium. Vaginal and cervical cultures for bacterial vaginosis-associated microorganisms (Gardnerella vaginalis, Ureaplasma urealyticum, and Mycoplasma hominis) were grown on specific commercially available ampicillin-pretreated A3 media at 37°C for 18 hours. U urealyticum and M hominis were identified by means of color reactions that were based on the ability to hydrolyze urea or L-arginine, respectively. Other microorganisms (Escherichia coli, Klebsiella species, Acinetobacter species [enterobacteriaceae], Staphylococcus species, enterococci, Streptococcus agalactiae, and yeasts) were cultured on blood-chocolate agar. Only growth in excess of 1+ (growth over more than half of the incubation plate) was withheld, to prevent inclusion of patients with normal mixed commensal flora. Chlamydia trachomatis and herpes simplex virus were isolated by culture on living McCoy or HeLa cell lines. If cultures were not taken correctly, if cultures were incomplete, or if transportation to the laboratory had taken >6 hours, the results (n = 10) were excluded from further analysis in Tables I, II, and III. Grading of the lactobacillary morphotypes. The wet mount was classified according to Schröder's original classification system. [10] [11] [12] Normal grade I flora corresponded to predominantly lactobacillary morphotypes with few coccoid bacteria present (with care being taken to avoid misidentifying the cellular debris from lysed epithelial cells [epitheliolysis] as coccoid bacteria). The intermediate grade II flora corresponded to a diminished lactobacillary flora mixed with other bacteria. We subdivided this group into slightly disturbed but fairly normal (IIa) and moderately disturbed and rather abnormal (IIb) lactobacillary flora. Finally, the grossly abnormal grade III flora consisted of numerous other bacteria, with no lactobacilli present. This grading system was chosen because of its value in clinical practice during late pregnancy. 4, 8 Any findings of Candida hyphae, Trichomonas vaginalis, red blood cells, and epitheliolysis of squamous epithelial cells were also noted.
Grading of the vaginal leukocytosis. The lowest leukocytosis score (score of 1) corresponded to <5 leukocytes/high-power field (hpf; ×400 magnification). A score of 2 was assigned when a value of 5 to 10 leukocytes/hpf was encountered. A sample with >10 leukocytes/hpf was given a score of 3 when there were <10 leukocytes per epithelial cell and a score of 4 when there were >10 leukocytes per epithelial cell. We have found this score particularly useful in the detection of early pathogenic risk during pregnancy caused by vaginal infection (unpublished observations).
Diagnosis of bacterial vaginosis. Bacterial vaginosis was diagnosed by use of the recommendations of Amsel et al, 9 which required the presence of three of the following four criteria: (1) a vaginal pH of ≥4.6, (2) a homogeneous vaginal discharge, (3) a fishy odor (amine test), and (4) the presence of vaginal clue cells. We also tested the significance of detection of clue cells, easily feasible by different persons or at different moments on wet Clinical signs and confirmation of gestational age. Every woman was questioned about genital infectious symptoms and recent (previous 2 months) use of antibiotics. When redness and edema of the cervix were seen, this was recorded as cervical congestion, which was combined with cervical friability (easy bleeding when touched by cotton swab) for the analysis. Each patient underwent transvaginal ultrasonography on the first visit, after the samples for microscopy and cultures had been taken.
Positive fetal heart activity was confirmed, and gestational age according to the date of the last menstrual period was corrected only if the fetal biometric profile at 6 to 14 weeks' gestation differed by >7 days from the expected gestational age on 2 separate ultrasonographic examinations made ≥1 week apart.
Statistical analysis. The main aim was to find out whether bacterial vaginosis and other markers of vaginal disturbance of the microflora were related to pregnancy loss before the 20th gestational week. In addition we compared mean pregnancy duration at delivery and birth weight of the neonate between women with and without bacterial vaginosis. The Fisher exact test was 
Results
Of the 218 consecutive women with a viable firsttrimester fetus and complete culture results at the first prenatal visit, 21 (10%) had spontaneous abortions. Women in this group came in for the first prenatal visit at a mean (± SD) of 7.5 ± 1.9 weeks' gestation, compared with 9.3 ± 2.5 weeks' gestation for the women with evolving pregnancies (P = .001). Miscarriage occurred at a mean of 11.3 ± 2.9 gestational weeks (range, 5-13 gestational weeks), which was a mean of 25.7 ± 29.6 days (range, 1-105 days) after specimen sampling. All women with early pregnancy loss had it occur before the 14th gestational week, except 1 in whom the pregnancy loss occurred at 19 weeks' gestation. For 3 women the exact date could not be traced but was definitely at <20 weeks' gestation. Women who had spontaneous pregnancy loss at <20 weeks' gestation showed no differences from those with evolving pregnancies in terms of age, smoking, marital status, and obstetric history (data not shown), but they did show higher gravidity than did the women with evolving pregnancies.
The presence of disturbed (grade III) lactobacillary flora (relative risk, 4.0; 95% confidence interval, 2.0-7.8) and the presence of clue cells (relative risk, 5.4; 95% confidence interval, 2.5-11) in the vagina were associated with an increased risk of loss of pregnancy by 20 weeks' gestation (Table I) . Increased vaginal leukocytosis, Candida hyphae, erythrocytes, and epithelial cell lysis were not correlated with such an adverse outcome.
Strikingly, subsequent early pregnancy loss was 5 times more frequent when clinical bacterial vaginosis was present (relative risk, 5.4; 95% confidence interval, 2.5-11).
Other genital symptoms and the recent use of vaginal or oral antimicrobial medication were not associated with miscarriage, but the finding of cervical congestion or contact bleeding was (relative risk, 1.8; 95% confidence interval, 1.1-2.9; Table II) .
When women with normal vaginal flora, bacterial vaginosis (at least three of the Amsel et al criteria), or intermediate flora (abnormal flora but only two or fewer of the Amsel et al criteria) were compared, those with intermediate flora proved to be at highest risk of preterm delivery once the pregnancy was past the 20th gestational week (relative risk, 7.5; 95% confidence interval, 2-28; Table IV ). Full-blown bacterial vaginosis, however, did not appear to be a significant risk factor for preterm delivery (18%) when compared with normal flora (11%).
To exclude the influence of coinfection with other than bacterial vaginosis-associated microorganisms, we also studied the culture results (Table III) . Women with early pregnancy loss were more likely to be heavily colonized by (any) bacteria at first pregnancy visit (relative risk, 2.6; 95% confidence interval, 1.6-4.1), but the presence of neither the sexually transmissible agents nor the enteric bacteria seemed to be correlated with the risk of miscarriage. The presence of bacterial vaginosis-associated bacteria, on the other hand, greatly increased the risk of early pregnancy loss (relative risk, 5.5; 95% confidence interval, 2.9-10). Among these organisms G vaginalis (relative risk, 5.8), U urealyticum (relative risk, 5.8), and M hominis (relative risk, 12.5) were all significantly more prevalent in the group with pregnancies ended that in spontaneous expulsion of the fetus.
Interference between the variables was studied by stepwise multivariate analysis (Table V) . Previous spontaneous abortion and the presence of G vaginalis, M hominis, and U urealyticum were associated with subsequent miscarriage. The association between current smoking and early pregnancy loss was borderline, but there was no evidence for any association between early pregnancy loss and colonization with bacteria (other than those previously mentioned) or nonspecific signs of infection such as lactobacillary grades, cervical inflammation, or clinical bacterial vaginosis. Women with intermediate flora were 7.5 (range, 2-28) times more likely to be delivered preterm than were women with normal flora or bacterial vaginosis (P < .005). Date of delivery of one woman with evolving pregnancy was unknown.
To exclude the possibility that altered hormone levels among women who ultimately had pregnancy loss might favor the occurrence of bacterial vaginosis, only women with living fetuses were included in the study. Furthermore, comparison between the 7 women who had pregnancy loss at ≤7 days after the first visit and the 10 women who had pregnancy loss >7 days after the initial visit revealed no differences in the occurrences of bacterial vaginosis (3/7 vs 5/10), clue cells (3/7 vs 4/10), and bacterial vaginosis-associated microorganisms (4/7 vs 5/10).
Among the 197 women with evolving pregnancies and complete culture results 14 had bacterial vaginosis, 21 had heavy growth of enteric bacteria (such as E coli, group B streptococci or enterococci), 32 showed either or both of these conditions, and 165 had normal vaginal microflora. Mean gestational ages at birth and birth weights were 38.9 ± 1.5 weeks' gestation and 3246 ± 424 g for women with bacterial vaginosis, 39.1 ± 1.3 weeks' gestation and 3276 ± 399 g for women with enteric bacteria, and 39.1 ± 1.5 weeks' gestation and 3386 ± 498 g for the women with normal vaginal flora. None of these differences were significant.
Comment
The cause of spontaneous miscarriage is ill understood. Classically, women who have a miscarriage are told that natural selection has taken place and that complex polygenetic or immunologic influences may have played a role. Data on the possible role of cervicovaginal infection in the causation of early pregnancy loss are scarce. C trachomatis may lead to abortion through excessive maternal immunogenic reaction to its heat shock protein 60 antigen, 13 and some authors have found an association of spontaneous abortion with the presence of vaginal U urealyticum 14 and with the presence of group B streptococci and gonorrhea. 15 Hay et al 7 studied abnormal bacterial colonization of the vagina prospectively and found a 5.5-fold increased risk of pregnancy loss between 16 and 24 weeks' gestation in the group with intermediate microflora. This increase remained significant when taken together with the group with grade III (totally abnormal) microflora, although the latter group in itself was not associated with delivery of an immature fetus. Although this association is generally interpreted as a positive association of pregnancy loss with bacterial vaginosis, it is not clear whether it is correct to equate intermediate flora with a partial bacterial vaginosis, because a number of conditions other than bacterial vaginosis may cause the lactobacillary morphotypes to disappear. 4, 16, 17 Two other studies have addressed the association of bacterial vaginosis with early pregnancy outcome. Kurki et al 18 tested for bacterial vaginosis before the 18th gestational week and found bacterial vaginosis at the first prenatal visit to be predictive for preterm labor, preterm birth, and premature rupture of membranes. However, only pregnancy outcomes from 20 weeks' gestation onward were included, leaving unanswered the question of whether bacterial vaginosis causes miscarriage during the first half of pregnancy. McGregor et al 19 studied the vaginal flora in 1260 women at the first pregnancy visit and found that bacterial vaginosis was associated with a 3-fold increased risk of pregnancy loss at <22 weeks' gestation. In the treatment arm (two 300-mg doses of clindamycin), however, pregnancy loss actually increased from 1.8% to 2.9%, which indicates that treatment for bacterial vaginosis had not succeeded in preventing early pregnancy losses.
Many clinical researchers interested in infectious diseases may work in areas with high prevalence of infections or their sequelae; this series involved a population with the lowest prevalence of infectious disease imaginable. Gonorrhea, Trichomonas, syphilis, herpes, human immunodeficiency virus infection, and Chlamydia hardly occurred (<0.5%), and even bacterial vaginosis was less frequent than in most other series (11%). 1, 3, 4, 6, 7, 18, 19 This low-risk profile was chosen intentionally, because it is less likely that the associations found in such a population will be influenced by coinfections and related risk factors. Women who subsequently had pregnancy loss attended their first prenatal consultation on average 10 days earlier than did women with evolving pregnancies. Could the different pregnancy outcome be explained by later registration itself by the women with evolving pregnancies? In favor of this, one could argue that the further along in pregnancy a women seeks treatment, the less likely it is she will have a miscarriage. Even if the declining prevalence of bacterial vaginosis from 15% to 10% with pregnancy progression is taken into consideration, however, there is still no explanation of why bacterial vaginosis was 7 times more frequent in the group with pregnancy loss than in the group with evolving pregnancies. It is more likely that the spontaneous abortion was associated with bacterial vaginosis than that the evolving pregnancy was associated with a 10-day delay in the first prenatal visit.
Thirty-eight percent of the women with pregnancy losses had clinical bacterial vaginosis at their first visit, compared with only 5.3% of the women with normal pregnancies (relative risk, 7; P = .0003). G vaginalis, U urealyticum, or M hominis organisms were cultured at the first visit from 48% of the women with early pregnancy loss, compared with only 8.2% of the control women (relative risk, 6; P < .0001). Bacterial vaginosis before 14 gestational weeks would therefore predict early pregnancy loss in 36% of these women (positive predictive value), whereas absence of bacterial vaginosis would predict normal delivery in 93% of the cases (negative predictive value). Attributable risk of bacterial vaginosis is 82%, meaning that complete eradication of bacterial vaginosis among women with this condition would theoretically lower their spontaneous abortion risk by 82%. Complete eradication of bacterial vaginosis from the pregnant population would lower the overall risk by 30% (population attributable risk). The relative risk obtained for early pregnancy loss among women seen with bacterial vaginosis before 14 weeks' gestation (relative risk, 5.4), closely resembled the relative risk of second-trimester pregnancy loss found by Hay et al 7 in a subgroup of women analyzed before 16 weeks' gestation.
Bacterial vaginosis and colonization with bacterial vaginosis-associated organisms occurred as often in the group with pregnancy loss within 1 week after initial sampling as in the group with pregnancy loss after that period. This makes the possibility that the bacterial vaginal flora might be influenced by decreasing hormone levels characteristic of an imminent and inevitable expulsion unlikely. Furthermore, all fetuses had a positive heart activity detected by ultrasonography at the initial inclusion visit.
The group with pregnancy loss contained more women with a history of pregnancy loss in the past than did the group of women with evolving pregnancies. This raises the intriguing question of whether some in the former group may have had chronic recurrent bacterial vaginosis, which was involved not only in the index event but also in the previous spontaneous abortions. Further studies are needed to find out whether bacterial vaginosis may be one of the many missing links to explain recurrent spontaneous abortion.
Indirect evidence indicates that the mechanism that causes intrauterine infection late in pregnancy may differ from that which induces abortion. In this study bacterial vaginosis was correlated with miscarriage but not with preterm delivery. Intermediate flora, by contrast, was associated with preterm delivery. Although there may be a differential mechanism according to the gestational age, it is also possible that bacterial vaginosis according to most criteria may in fact comprise a heterogeneous group consisting of both anaerobic vaginosis and other causes of disturbed flora, a distinction not always made in some prematurity studies. 17 Most of the aborted fetuses in this and other studies neither were infected nor showed histologic signs of infection. Hence the ascending pathway may not always be the causative mechanism of amnionitis. Among cases of amnionitis caused by E coli and group B streptococci, maternal and fetal bacteremia were found in 25% to 33%, compared with only 1% when G vaginalis was found in the amniotic fluid. 20 Furthermore, maternal immunologic response to colonization with E coli and group B streptococci is intense, but such a response is absent in the case of colonization with G vaginalis. 21 This could indicate that enteric bacteria may readily enter the maternal uterine blood stream, whereas the microorganisms of bacterial vaginosis may proceed more along the ascending decidual pathway, thereby causing not only transmembranal amniotic infection but also deciduitis, with release of endotoxins, cytokines, and prostaglandins. Other investigators have isolated G vaginalis and bacterial vaginosisassociated anaerobes from the vagina up to the amnioticchorionic membranes and in the amniotic fluid. 22 Inflammatory reaction after ascending infection may therefore be the mechanism by which bacterial vaginosis causes spontaneous abortion. This would also explain why the complication rate of bacterial vaginosis is higher when the ascent is facilitated, such as by the presence of an intrauterine contraceptive device. 23 We conclude that bacterial vaginosis, especially when G vaginalis or mycoplasmas are cultured, is associated with a 5-fold increased risk of spontaneous abortion. We assume that ascending spread of the infection followed by an inflammatory reaction is the most likely mechanism. We propose diagnosis and treatment of bacterial vaginosis as soon as possible in pregnancy, but further studies on treatment efficiency are needed.
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